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CRYSTALLINE OXATHIOLANE DERIVATIVES 

The present invention relates to nucleoside analogues and tlieir use in 
medicine. More specifically the invention is concerned with 1,3-oxaihiolane 
nucleoside analogues, particular physical form thereof, pharmaceutical formulations 
thereof and the use thereof in the treatment of viral infections. 

Thc compound of fomiula (I) 

NH2 



(I) 




S- 

also known as BCH*189 or NGPB-21 has been described as having antiviral activity 
in particular against the human immunodeficiency viruses (HIV's), the causative 
agents of AIDS (5th Anti-Aids Conference, Montreal, Canada Sth-9th June 1989: 
Abstracts T.C.0.1 and M.C.P. 63; European Patent Application Publication No. 
0382S62). The compound of formula (I) is a racemic mixture of the two 
enantiomers of formulae (M) and (I*2)> 





0-2) ^^.J (M) 



HOCHjQr 



and was described and tested in the form of its racemate. The only compound 
currently approved for the treatment of conditions caused by HIV is 3'-azido*3'* 
deoxythymidine (AZT, zidovudine, BW 509U). However, this compound has a 
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sigQificani side-effect liability and thus cither cannot be employed or, once 
employed, may have to be withdrawn in a significant number of patients. There is in 
consequence a continuing need to provide compounds which arc effective against 
HIV but with a concomitant significantly better therapeutic index. 

Although the enantiomers of the compound of formula (I) arc equipotent 
against HIV the(-)-cnantiomer has considerably lower cytotoxicity than the other 
enaniiomcrand is thus the preferred compound as an antiviral agent. 

The (-)-enaniioraer has the chemical name (-)cis-4-Amino-l-(2- 
hydroxymethyl-l,3-oxathiolan-5-yl)-(lH)- pyrimidin.2.one. It h^ the absolute 
stereochemistry of the compound of formula (M) which has the name (2R,cis))-4- 
amino-l-(2-hydroxymethyM.3-oxathioIan.5.ylHlH)-pyrimidin-2-one. The 

compound is now known as 3TC. 

Preferably 3TC will be substantially free of the corresponding (+)-€nantiomer, 
that is to say no more than about 5% w/w of the enantiomer, preferably no more 
than about 2%, in parUcular less than about 1% w/w is present. 

International application PCT/GB9 1/00706, publication no W091/17159 
describes the preparation of 3TC, its antiviral activity and its use in medictne. 3TC 
is described and prepared ia W091/17159 as a freeze dried powder. 

We have now found that 3TC can be obtained in crysullinc form and exhibits 
polymorphism. 

There is thus provided in a first aspect of the invention 3TC in crysUlHne 

form. 

When crystallised from aqueous solution 3TC is obtained in the form of 
needle-shaped crystals (hereinafter Form I). In this form the crysuls are not 
favoured for pharmaceutical formulation into solid dosage forms because of their 
physical properties, for example poor flow characteristics. We have further found 
that under certain conditions 3TC may be obtained in the form of substantially 
bipyramidyl crystals (hereinafter Form H). The crystal habit of Form II has 
improved flow characteristics and is thus preferred in the manufacture of solid 
dosage forms. In addition Form I crystals are a less stable polymorphic forms and 
certain pharmaceutical unit operations such as milling may cause conversion of 
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Form I to Form II, an undesirable characteristic tor nianufjicture of solid dosage 
forms. 

Jl'C in the form ot bipyramidyl crystals has a melting point of greater than 
about nO^^C. in particular 177-I78^C when pure. 3TC in the form of needle-like 
crystals has a melting point of less than about 130^C in particular about 124-1 27^C 
in pure form. 

3TC in Form II exhibits characteristic absorption bands in its infra red (i.r.) 
spectrum which are absent from the i.r. spectrum of Form I. In particular Form II 
exhibits strong absorption bands at -920 and -850 wavenumbers. Further, a 
characteristic band of Form [ at 1110 wavenumbers is absent from the spectrum of 
Fonn 11. 

Form II of 3TC further shows a characteristic endotherm with an onset 
temperature at 177-178^C in its differential scanning calorimetry (DSC) profile. By 
contrast Form I shows a characteristic endotherm in its DSC profile with an onset 
temperature at 124.127'^C. 

There is thus provided in a further aspect of the invention BTC in the form of 
needle shaped crystals. 

In a further aspect there is provided 3TC in the form of bipyramidal crystals. 
' In a yet further aspect of the invention there is provided 3TC in crystalline 
form and having a melting point of greater than Ho'^C. in particular 177-178^C. In 
an alternative aspect there is provided 3TC in crystalline form and having in its DSC 
profile an endotherm with an onset temperature of 177-1 78®C. 

In a yet further alternative there is provided 3TC in crystalline form and 
having absorption bands at about 920 and about 850 wavenumbers in its infra red 
spectrum. In particular there is provided 3TC in which in addition to absorption 
bands at these wavenumbers a band at 1 110 wavenumbers is substantially absent. 

3TC may be obtained from its racematc by resolution by any method known 
in the art for the separation of racemates Into their constituent enantiomers. In 
particular 3TC may be obuined from the known racemate by chiral HPLC, by 
enzyme mediated enantioselective catabolism with a suitable enzyme such as 
cytidinc deaminase or by selective enzymatic degradation of a suitable derivative 
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using a 5*-nucIcotide. Suiiable methods tor preparing 3TC are described in 
W091/17159. 

3TC in the form of needle shaped crysi;ils may be obtained by crystallisation 
of the compound from aqueous solution or by azeotropic distillation with propan-1- 
oL 

3TC in the form of the preferred bipyramidyl shaped crystals may be obtained 
by recrystallisation from non-aqueous media, in particular a lower (C2.5) alcohol, 
for example ethanol, [MS (industrial methylated spirit) or propan-l«ol. In a 
preferred method 3TC in bipyramidyl form may be obtained from^TC in needle 
form by ageing the latter in Industrial Methylated Spirit (IMS) or ethanol at elevated 
temperature (e.g. 30-70^, particularly about 50^C) for an appropriate time (e.g..0.5- 
3hcs, in particular about 1 hour or more). 

Alternatively 3TC in bipyramidyl form may be obtained by heating the 
compound In needle form above its melting point of 124- in particular above 
about ITO^Q for example above about 177-178^C and allowing the melt to cool. 

In a further alternative 3TC in bipyramidyl form may be obtained by grinding 
or milling the compound in the form of needle shaped crystals. 

Preferably 3TC is in the form of bipyramidyl shaped crystals substantially free 
of needle crystals. Where these crystals arc obtained by recrystallisation or ageing 
in liquid media the compound will normally be obtained entirely free of needle 
shaped crystals. 

3TC in crystalline form may be used as an antiviral agent as described in 
W09 1/17159 which is incorporated herein by reference. 

3TC in crystalline form may be formulated as a pharmaceutical formulation 
for use as an antiviral agent in described in W091/17159. 

Figure 1 shows 3TC in the form of needle shaped crystals (Form I). 

Figure 2 shows 3TC in the form of bipyramidyl shaped crystals (Form II). 

Figure 3 is an infra-red spectrum of Form I crystals. 

Figure 4 is an in&a-red spectrum of Form II crystals. 

Figure 5 is a DSC thermogram of Form I crysuls. 

Figure 6 is a DSC thermogram of Form II crystals; 
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The foHowing examples illustrate the invention but are not intended as a 
limitation thereof. All temperatures are in ^C. 

INTERMEDIATE! 

5-Methoxv-1.3-oxathiolane'2-methanol benzoate, 

A solution of zinc chloride (1.6g) in hot metUanol (15ml} was added tu a 
stirred solution pf mercaptoacetaldehyde, dimethyl acetal (34.2g) and beazoyloxy 
acetaldehyde (48.3g) in toluene (1300ml) which was then heated to reflux under 
nitrogen for SO min. The cooled mixture was concentrated, diluted with some 
toluene, Chen filtered through Kiesulguhr. The combined filtrates and toluene were 
washed with aqueous saturated sodium bicarbonate solution (x2) and brine, dried 
(MgS04) then evaporated to an oil which was subjected to column chromatography 
on silica (2lcg, Merck 9385 ) eluted with chloroform to give the title product as an oil 
(45.1g) a mixture of anomcis (ca 1:1); IH NMR (DMSOdg) 3.1-3,3(4HX 3.42(6H). 
4.4-4.6 (4H), 5.41(1H), 5.46 (IH), 5.54 (IH), 5.63 (IH), 7.46 (4H), 7.58 (2H), 8.07 
(4H);Tmax (CHBr3)l 717.6cm' I 

INTERMEDIATE 2 

(±Vci$*l*(2-Benzovloxvmethvl*1.3«oxathio!an«5-YlWlHVpvrimidin-2>4Hitone 

A mixture of finely ground uracil(9.62g) hexamethyl disilazane (50 ml) and 
ammonium sulphate (30 mg) was heated at reflux under nitrogen until a clear 
solution was obtained. This was cooled and then evaporated to a colourless oil, 
which was dissolved, under nitrogen atmosphere, in acetonitrile (100ml). The 
solution was added to a stirred ice cooled solution of 5'methoxy-l,3-oxathiolane-2- 
meth ?ol, benzoate (intermediate 1) (19.43g), in acetonitrile (600ml) and trimethyl 
silyl trifluoromethanesulphonate (14.7mi) was added. The ice bath was removed, 
and the solution was heated at reflux under nitrogen for 45 mins. After cooling and 
evaporation* the residue was purified by column chromatography over 1kg of silica 
gel (Merck 9385) eiuting with chloroform/methanol 9:1. Appropriate fractions were 
cooled and evaporated to afford a crude residue. This was fractionally crystallized 
from the minimum of hot methanol (cl 200ml) to afford the title compound (6.32g) 
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as white crystals. IH NMR( d^DMSO) S 1 1.36 (iH.bs). 7.50-8.00 (6H.ni), 6.20 
(lH,t), 5.46 (2H,m), 4,62 (2H. m). 3.48 (IH. m). 3.25 (IH. m). 

INTERMEDIATES 

C t vrcisM-Am ino- 1 -g-benzQ v loxvmethv l-1 .3-oxathiolan-5-v[Vf 1 HV 

ovfiniidin'2-one 

Method (a) 

A suspension of cytosine (20.705g) and ammonium sulphate (few mgs) in 
hexamcthyldisilazanc (110ml) was stirred and healed at reflux fy 2V»h, under 
nitrogen. Solvent was removed by evaporation, and the residual solid was dis.5olved 
in dry acetonitrile (3S0ml). This solution was transferred using flexible needle 
techniques into a stirred, ice-chilled solution of 5-methoxy-l,3-oxatblolane-2- 
mcthanol. benzoate (Intermediate I) (43 J7g) in acetonitrile (650ml) under nitrogen. 
Trimethylsilyl trifluoromethanesulphonate (33ml) was added, the solution was 
allowed to warm to ambient temperature (IVzh) then heated to reflux for an 
overnight period. The residue mixture was concenttated, diluted with saturated 
aqueous sodium bicarbonate solution (500ml), then extracted with ethyl acetate 
(SxSOOml). The combined extracts were washed with water (2x250ml) and brine 
(250ml) dried (MgS04) then evaporated to a foam which was subjected to column 
chromatography on silica (600g, merck 7734), eluted with ethyl acctatc-mcthanol 
mixtures to give a mixture of anomcrs (ca 1:1 31.59g). The mixture was crystallised 
from water (45ml) and ethanol 

(9.0ml) to give a solid (10.23g) which was recrystallised from ethanol (120ml) and 
water (30ml) to give the title product as a white solid (9.26g);Xmax (MeOH) 
229.4ram(El'^ 610); 272.4mm (E^^ 
1cm lem 

293); NMR (DMSO d6) S 3.14 (IH), 3.50 (IH). 4.07 (2H), 5 J2 (IH), 5.66 (IH), 
6.28 (IH). 7.22 (2H). 7.56 (2H), 7.72 (2H). 8.10 (2H). 

Method fb) 



wo 92/21676 



PCr/EP92/01213 



-7- 

Phosphorus oxychloridc (7.0ml) was added dropwisc to a stirred , icc-coolcd 
suspension of 1,2,4-triazolc (1 1.65g) in accionilrile (120inl) then, keeping the 
internal temperature below J5^C. triethyiamine (22.7ml) was added dropwise. After 
10 min a solution of (+)-cis -l-(2-benzoyloxymeihyM,3-oxaihiolan-.5-yl)-(lH)- 
pyrimidin-2,4-dionc (Intermediate 2) {6.27g) in acctonitrilc (330ml)was slowly 
added. Stirring was then continued at room temperature overnight. The mixture 
was cooled by means of an ice bath and triethyiamine (30ml) was slowly added 
followed by water (21 ml). The resultant solution was evaporated, and the residue 
was partitioned between saturated sodium bicarbonate solutioti.(400ml) and 
chloroform (3x200ml). The combined chloroform extracts were dried and 
magnesium-sulphate, filtered and evaporated to give a crude residue (9.7g). The 
residue was dissolved in 1,4-dioxan (240ml) and concentrated aqueous ammonia 
solution (s.g 0.8S0, SOmI) was added. After 1 Vdi the solution was evaporated and 
the residue dissolved in methanol. This caused precipitation of a solid, which was 
filtered off. Hie mother liquors were purified by column chromatography over silica 
gel (Merck 938S, 600g). Appropriate fractions were pooled and evaporated to give 
the title compound as a Cawa solid (2.18g), identical to that obtained by Method (a). 

INTERMEDIATE 4 

f±)-(cis)-4>Amino-H2-hvdfoxvmethvl-1.3-oxathiolan'S-vlKlHV 
pvrimidin'2'one 

A suspension of (cis)-4-amino-l-(2-benzoyloxymeihyM,3-oxathiolan-5-yl)- 
(lH)-pyrimidin-2-one (Intermediate 3) (8.19g) and Amberliie IRA-400 (OH) resin 
(8.24g) in methanol (2S0ml) was stiucd and heated to reflux for I V4h. Solids were 
removed by filtration then washed with methanol. The combined filtrates were 
evaporated. The residue was triturated with ethyl acetate (80ml). The resulting 
white solid was collected by filtration to give the title product (S.09g), IH NMR 
(DMSO-d^) 3.04 (IH), 3.40 (IH), 3.73 (2H), 5,18 (IH). 5.29 (IH). 5.73 (IH), 6.21 
(1H),7.19(2H). 7.81 (IH). 

INTERMEDIATE 5 
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(.).cis.4.Aniinn.1-r2-hvdroyvmethvl-1.3-o xathiolan-S-vlV(lH)pvriniidin-2-one 

(i) Three 50ml flasks of nutrient brolh (Oxoid Lid) were inoculated with a loopful 
each of Escherichia coli (ATCC 23848) scraped from a Nutrient Agar plate. The 
naskS were Incubaicd overnight at 31^C with shaking at 250 rev/min and then each 
nask was used to inoculate 41 of CDD medium (glutamic acid. 3g/l: MgSO^, 
0.2g/l: K2SO4. 2.5g/l; KaCl. 2.3g/l. Na2HPO42H20, l.lg/1, NaH2PO42H20 
0.6S/I cytidine, 1.2g/l) in a seven litre fermenter. The cultures were fermented at 
750 rcv/min, 37°C with aeration at 41/min. After growth for 24hfsjhe cells were 
collected by centrifugalioa (5000g, 30 minutes) to yield 72g wet weighu The cell 
pellet was resuspcnded in 300ml of 20inM Tris HCl buffer (pH 7.5) and disrupted 
by sonicatiott (4 x 45 seconds). The cell debris was removed by ceotrifugation 
(30,000 g. 30 minutes) and the protein in the supernatant was precipitated by 
addition of ammonium sulphate to 75% saturation. The predpitatc was collected by 
centrifugation (30.000g. 30 minutes) and the pellet was resuspended in 25ml of 
HEPES buffer (lOOmM, pH 7.0) containing ammonium sulphate <75% satutaUon). 
Enzyme solution was prepared by centtifugatlon at 12,000 rpm for 30 mins. TTie 
supernatant was discarded and the pellet dissolved in Tris HCl buffer (pH 7.0; 
lOOmM) to the original volume. 

(ii) Intermediate 4 (llSmg was dissolved in water (lOOml), and stirred. Enzyme 
solution (0.5ml) was added, and the mixture was maintained at a constant pH by the 
continual addition of HCl (25mM). The conversion was monitored by chital HPLC; 
which showed that the (+) enantiomer of the substrate was preferentially 
deaminated. After 22hr the (+) enantiomer of the substrate (RT 12.5min) had been 
completely removed, and the solution was adju.<ited to pH 10.5 by the addition of 
cone, sodium hydroxide. 

The solution produced above was eluted through a column of QAE Scphadcx 
(A25; Pharmacia; SOX 1.6cra). pre^quilibiated to pHl 1. The column was washed 
with water (200ml) and then with HCl (0.1M). Fractions (40ml) were ttken , and 



wo 92/21676 



PCr/EP92/0l213 



-9- 

analysed by reversed phase HPLC. Fraciions 5-13, coniaining the unreacted (-) 
enantiomer of the substrate, were combined and adjusted to pH 7.5 with HCI. 
Fraction 47, containing deaminated product, was adjusted to pH7.5 with dil. NaOH. 
Analysis by chiral HPLC showed that this material was a mixture, consisting of one 
enantiomer (RT lO.Zmin) as the major component with the other enantiomer (RT 
8.5min) as a minor component (e.e ca 90%). 

(iii) Stage (ii) above was repeated on a larger scale . The compound of Example 1 
(363mg) in 2S0ml of water was incubated with eni^me solution (O.SqiJ)» prepared as 
in Stage (i). Further aliquots (0.5ml) of enzyme were added after 18 and 47 hrs. 
The reaction mixture was stirred for 70hr., then left standing for a further 64hr. 
Analysis by chiral hpic indicated that the (+) enantiomer of the substrate had been 
completely deaminated, and the resulting solution was adjusted to pHlO.5 with 
NaOH. 

The solution above was loaded onto the same QAE column, and eluted as in 
stage (i). Fractions 2-6, containing a mixture of the residual substrate and 
deaminated product, were bulked. Fractions 7-13, containing the residual substrate 
((•) enantiomer), were bulked and adjusted to pH7.5. Fractions 25-26, containing 
deaminated product, were bulked and neutralised 

Fractions 2-6 above were re-eluled through the same QAE column. Fractions 
3-11 from this second column contained unrected substrate ((-) enantiomer). 
Fraction 70 contained the deaminated product. 

(iv) The resolved substrate fractions ftom stage (ii) and (iii) were combined and 
adjusted to pH7.5. This solution was eluted through a column of XAD'16 
(40x2.4cm), packed in water. The column was washed with water, and then eluted 
with acetone: water (1:4 v/v). Fractions containing the desired (•) enantiomer were 
bulked and freeze-drted to give a white powder (190mg). 

The HPLC methods used above were as follows:- 

L Reversed Phase analytical HPLC 
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: Capital Cartridge 
Spherisorb ODS-2 (5uM) 
150x4,6mm 

: Ammonium dihydrogcn phosphate (50mM)+ 
5% McCN 
: 1.5ml/min 
: UV, 270nm 
: BCH 189 5.5min 
dcaminaledBCH-189 S.lmin 

2. Chiral analytical HPLC 

Column Cyclobond I Acetyl 

250x4.6niin 

Eluant : Oi% Tricthylammonium acetate (pH7.2) 

Flow :. l.Oml/min 

Detection : UV, 270nm 

Retention Times : BCH 189 11.0 and 12.5mia 

: deamlnatcd BCH-189 8.5 and 10.2 min (The bioconversion was 
followed by monitoring the loss of the peak at 12.5min., and accumulated of product 
at 10.2mtn). 

Example 1 

Asuspension of Intermediate 5 (64.8g) in water (200mL) was heated to 45° to 
give a solution. The solution was cooled to 30^^. 

The product crystallised as an unstirrablc mass. This was broken up and the 
suspension stirred at ^. 10^ for Ih. 

The product was isolated by filtration and washed with eihanol (IMS; 2 x 
30mL) then dried in vacuo at 45° for 24h to give 3TC as Form I (fine needle 
crystals). 



Column 

Eluant 

Flow 
Detection 
Retention Times 
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The compound had an i.r. spectrum and DSC thermograph identical to Figures 
and 5 respectively. 

Example 2 

A suspension of the compound of Example 1 (10.0g) in industrial methylated 
spirits (IMS; 200mL; 20 volumes) was heated to reflux to give a clear solution. The 
solution was filtered hot and the filtrate was distilled at atmospheric pressure until 
lOOmL (10 volumes) of solution remained. The solution was seeded with authentic 
material^ and allowed to cool from 80** to 25f* over Ih. Crystallisation began at 
79^. The suspension was stirred at 15^ for Ih. The product was isolated by 
filtration and washed with IMS (lOmL; 1 volume). Drying in vacuo at 50^ gave the 
title compound as aggregates of bipyramides (S.42g) m.p. 179-181^. (-)»cls-4. 
amino-l-(2-hydroxymethyH,3-oxalhiolan-5-yl)-(lH)-pyrimidin-2-one. 
Assay Found : C,41.9; H,4.85; N.18.35 
^S^hl'^a^S^ requires : Q41.9; H.4,8; N.183% 

The compound had an i.r. spectrum and DSC thermograph identical to Figures 
4 and 6 respectively. 

Example 3 

A suspension of the product of Example 1 (20.0g) in Industrial Methylated 
Spirits (IMS; lOOmL; 5 volumes) was stirred slowly at 50^ for Ih. 

A small sample (ca lOOmg) was removed, dried in vacuo at 50^ and examined 
by microscopy and differential scanning calorimetry (DSC). 

The sample was 100% Form It (bipyramidal habit). 

The suspension was stirred at 50^ for a further 2h and a sample removed. 
Microscopy showed no change. 

The suspension was stirred at 50^ for 22h, then cooled to 20° and stirred for 

Ih. 

The suspension was filtered, the product washed with IMS (20mL; 1 vol) and 
dried in vacuo to give as a white crystalline solid (17,13g) (-)-cis-4-amino-l-(2- 
hydroxymethyH,3-oxalhiolan-5-y l)-(l H)-pyramidin-2-ono m.p. 18I)-1 81 ^. 
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A.<«ay Found : C,41.S5; H,4.85; N.I8.3 
^8"ll^3^3^ Requires : C.41.9: H,4,8; N,1S.3% 

The product had an i.r. spectrum and DSC thermogram identical to those of 
Figuics 4 and 6 rcspcctivcly- 

Example 4 

X-Rav Crystallogranhv dnta for Form U 

Crystal Data : 

CsHiiN303S,M = 229.26. 

Tetragonal, a = b = 8.749(3), c = 26.523(9)A, V= 2030(2)a3 
(by least-squares refinement on diffractomcicr angles for Uautoniatically centred 
reflections. 1 = 1.54184A). 

Space group P43212 (No. 96), z » 8, D^ = 1.50g cm*^, 

F(QOO) = 960, m(Cu-Ka) = 27.5 cm*^. 

Dimensions of data crysul 0.48 x 0.32 x 0.30 mm. 

Single crysuls of Form II (colourless bipyramids) were examined by X-ray 
diffraction. A total of 1651 reflections were measured (3 c 2J < 115^ on a Siemens 
R^mA^ diffractometer with monochromatised Cu-Ka radiation and using 2J/w 
scans- The structure was solved by direct methods and the non-hydrogen atoms 
refined anisotropically. The hydrogen atoms atuchcd to carbon were idealised (C-H 
= 0.96A) and allowed to ride on their parent carbon atoms. Three Hs on -NH2 and 
-OH groups were located from a difference Fourier map. AH H atoms were refined 
isouopically. Refinement converged to give R = 0.068, R^^ = 0.069, w'^ = [s\F) + 
0.005[F]2j. Maximum residual electron density was 0,45 cA*^. The absolute 
chirality was confirmed using Rogers' eta test [h - 0.99 (9)]. 
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Example 5 

Pharmaceutiail Formulations 
fa) lOOmg Tablets 



Ingredients per tablet 
3TC(FormIt) 

Microcrysialiine Cellulose NF 
Sodium Starch Glycolatc NF 
Magnesium Stearate NF 
Toial Weight 



lOO.Omg 
189.5mg 
9.0n[ig 
l.Smg 
300.0mg 



The 3TC (Form 11), microcrystalline cellulose and sodium starch glycolate 
were sieved and blended in a V*blender for aboul IS minutes. Sieved magnesium 
stearate was then added and blending continued for a further 2 minutes. 

The blend was compressed in standard tabletting equipment and then film 
coated with an aqueous suspension of grey Opadry to produce aesthetically 
acceptable tablets. 
fbUOOmg Tablets 

Ingredients per tablet 

3TC(FormlI) 300.0mg 
Microcrysulilne Cellulose NF 279.0mg 
Sodium Starch Glycolate NF IS.Omg 
Magnesium Stearate NF LSmg 
Total Weight 600.0rag 
Tablets were prepared as described in (a) above. 
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CLAIMS 

1. (-)cls.4-Amino-l-(2-hydroxymethyl-l,3-oxalhiolan-5-yl).(IH)-pyrirnidin-2- 
one in crystalline form. 

2. (-)-cis-4-Amino-l-(2-hydroxymethyI-U3-oxathioIan-5-yl)-(IH)-pyrimidin -2- 
onc in the form of bipyramidyl crystals. 

3. The crystalline form as claimed in claim I or claim 2 having a melting point 
of greater than 170^C 

4. The crystalline form as claimed in any one of claims 1 to 3, having a melting 
point of 177-178°C 

5. The crystalline form as claimed in any one of claims 1 to 4 having absorption 
bands in its infira-red spectrum of 920 and 850 wave numbers. 

6. The crystalline form as claimed in any one of claims 1 to S having no 
absorption band in its infra-red spectrum at 1110 wave numbers. 

7. The crystalline form as claimed in any one of claims 1 to 6 having an 
endotherm with an onset temperature at 177-178^0 in its differential scanning 
calorimetiy proGle. 

8. (-)cis-4-Amfno-l-(2-hydroxymethyl*l,3-oxathio!an-5-yIHIH)»pyrimidin-2- 
one in the form of needle shaped crystals. 

9. The crystalline form as claimed in chlm 1 or claim 8 having a melting point 
of less than about 130^C . 

10. The crystalline form as claimed in claim 1, claim 8 or claim 9 having a 
melting point of 124-127^C. 

11. The crystalline form as claimed In claim 1, or any one of claims 8-11 having 
an endotherm with an onset temperature of 124-127°C in its differential 

scanning oa!orim«lcy proBle. 

12. The crystalline form as claimed in claim 1 or any one of claims 8 to 11 having 
an absorption band in its infra-red spectrum at about 1110 wave numbers. 

13. (.)cis-4-Amino-H2-hydroxymethyl-1.3-oxaihiolan-5-ylHIH)-^^^ 
one in the crystalline form as shown in Figure 1. 

14. (.)cis-4-Amino-i-(2-hydroxymethyl-l,3-oxathiolan-5*yl)-(IH)-pyrimidin-2- 
one in the crystalline form as shown in Figure 2. 
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(-)cis-4-Amino-l-(2-hydroxymeihyl-l,3-oxathiolan-5-yl)-(IH)-pyrimidin-2- 
one in crystalline form and having an infra-red spectrum as shown in Figure 3. 
(-)ci^-4-Amino-l-(2-hydraxyniclhyI-1.3-oxalhioIan-5-yl)-(IH)-pyrimidin-2- 
one in crystalline form and having an infra-red spectrum as shown in Figure 4. 
A method for the preparation of (-)-£is-4-Amino-l-(2-hydroxymelhyl-U3- 
oxathiolan-5-yl)-(IH)-pyrimidin-2-onc in crystalline form which comprises 
crystallisation of the compound from aqueous solution. 
A method for the preparation of (-)-£!S-4-Amino-l-(2-hydroxymethyl-13- 
oxaihio!an-5-yl)-(lH)-pyrimidin-2-one in crystalline form which comprises 
areotropic distillation of an aqueous solution of the compound with propan-1* 
oL 

A method for the preparation of (•)•cis-4*Amino•l•(2•hyd^oxymethyl*l,^- 
oxathiolan-5-yl)-(IH)-pyrimidi^-2-onc in crystalline form which comprises 
recrystalHsation from non-aqueous medium. 

A method as claimed in claim 19 wherein the non*aqueous medium is a C2.5 
alcohol. 

A method as claimed in either claim 20 or claim 21 wherein the non-aqueous 

medium is selected from ethanol and industrial methylated spirit 

A method for the preparation of (-)-cis-4-Amino-l-(2-hydroxymethyM,3- 

oxaihiolan-5-ylHIH)*pyrimidin-2-one in the form of bypyramidyl crystals 

which comprises aging the compound in the form of needle shaped crystals in 

cthanol or industrial methylated spirits at elevated temperature. 

A pharmaceutical formulation comprising (•)-c]s.*4-amino-l*(2* 

hydroxymethyM.3-oxathiolan-5-ylHIH)-pyrimidin-2-one in crystalline form 

and a pharmaceulically acceptable carrier therefor. 

A pharmaceutical formulation as claimed in claim 23 in a form suitable for 
oral adminisuation. 

A pharmaceutical formulation as claimed in claim 23 or claim 24 in the form 
of a tablet or capsule. 
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FIG. 5 
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